INTRODUCTION
The problem of item-nonresponse is widespread in micro datasets. Households or individuals, who are not able or willing to respond to questions, leave the resulting dataset similar to a "rag rug". Researchers who want to analyse such datasets have therefore to deal with serious difficulties. Mainly two problems arise: First, if multivariate procedures are used to analyze certain effects, all the variables of each unit (household or individual) must be complete. If there is one missing value in a variable, the variable has to be dropped or the sample size has to be reduced by all units containing missing values. This observed-case analysis can lead to a serious reduction of the sample size and the connected loss of efficiency. Additionally, the sample size varies with the question investigated, since different variables are needed for the analysis. Second, the missing value of a variable might not be random and related to certain characteristics or the environment of the respondent, so that estimations based on only observed cases might lead to biased results.
There are different methods to deal with item-nonresponse. Rässler and Riphahn (2006) outline four approaches (complete case analysis, weighting, imputation, model-based procedures) and discuss their strengths and weaknesses. The authors conclude "that a multiple imputation procedure seems to be the best alternative at hand to account for missingness and to exploit all available information (Rässler and Riphahn 2006, p. 229) ."
This procedure was chosen for the SAVE dataset from 2003 on. Each year was imputed separately using a "Markov Chain Monte Carlo multiple imputation procedure" to fill the missing values with plausible substitutes. For a detailed description see Schunk (2008) .
The first step of the complete imputation mechanism consists of a logical imputation. Logical imputation means that the true value of the missing value can be uniquely identified from within the dataset. The growing panel structure of the SAVE dataset offers new possibilities for logical imputation. This article documents the implementation of a logical imputation procedure for the SAVE data based on the waves from 2003 to 2008. The goal was to construct a transparent and traceable procedure, which allows the data user to evaluate the value added in the overall data accuracy. It should also demonstrate that data are not made-up.
The outline of this article is as follows: Section 2 gives a brief overview of the German SAVE Survey and its panel dimension. Section 3 explains the procedure using different examples and presents the principles of logical imputation adopted. Section 4 summarizes the implemented methods and presents the results and the achievements in term of data accuracy.
Section 5 concludes and gives a perspective for the further improvement of the imputation methods of the SAVE dataset.
THE SAVE DATASET 2003-2008
The SAVE survey started in 2001. The first year was used to build up the optimal survey design for the following years. Since 2005 the survey has been repeated on a yearly basis (figure 1). The complete sample is split into two parts: a Random Route sample, which is a multiple stratified multistage random sample, and an Access Panel, which is a quota sample. SAVE was especially designed to better understand the various aspects of the saving behavior of German households. For a detailed description of scientific background, design, and results the reader is referred to Schunk (2006) and Börsch-Supan et al. (2008) . The key contributions of SAVE are the rich set of available control variables out of different areas like health, expectations, attitudes combined with detailed questioning about income, savings, debt and wealth. Moreover, SAVE is set up as a panel dataset and arrived at a fairly stable panel from 2006 on. Using a panel dataset, it is possible to distinguish between age and cohort effects, which is necessary for the empirical investigation of behavior over the lifecycle. The stable panel dimension allows for improving the data accuracy drastically. How this is done using the logical imputation is explained in the next section.
CONCEPT AND PRINCIPLES OF THE LOGICAL IMPUTATION
Logical imputation as the first step of a cross-sectional imputation procedure is a frequently applied technique, e.g. in the German Socio-Economic Panel (Frick & Grabka & Marcus, 2007) and the SCF in the US (Kennickell, 1991) . Only a few datasets use panel imputation methods, e.g. the British Household Panel Survey (Buck et al., 2006) , the German SocioEconomic Panel (House, 2005) . The questions about housing related content were imputed logically using the panel structure of the dataset if the postal code remained the same. In such cases it was assumed that the household did not move residence. The imputation method applied was a socalled "last value carried forward" method. For the SAVE dataset all sections were investigated for the application of a logical imputation using the panel structure, since the logical imputation allows replacing the missing values with a very high accuracy. Again, the panel structure allows using the information given in one year to impute missing values in other years. If in a certain year, the respondent answered "No, I have never been registered as unemployed", it can be reasonably argued that the same respondent should never have been registered as unemployed also in the years before: as in the example above, the answer can therefore be taken to impute possible missings in previous years (and it goes without saying that the information cannot be used to impute possible missings in following years). Similarly, if in a certain year the respondent answered "2 years and more" of registered unemployment, the highest category should be carried on to future years (but of course not on previous years!). Again, in case the respondent provided the same answer, e.g.
CONCEPT OF THE LOGICAL IMPUTATION
"6 to 12 months", in two years but left a missing value in the year (or years) in between, the lacking data can be filled with the available answer (see table 3 ). Table 4 The examples above illustrate the power of a proper logical imputation using the panel structure. The data quality can be improved drastically for some variables. Nevertheless, principles are needed to guide the implementation of the logical imputation to avoid the introduction of an excess of arbitrariness in the imputation procedure. These principles are discussed next.
PRINCIPLES OF THE LOGICAL IMPUTATION
Not all the questions in the survey are suitable for a logical imputation: questions about expectations, events during the last year, evaluation of current situations cannot be passively transferred across the years! -The first step is therefore to identify the questions where a logical imputation using the panel structure can be implemented. For these questions, the logic of the imputation has to be singled out: can a certain answer be transferred to future as well as to past waves or can it be used only in one temporal direction? Is it possible to logically impute the answers when only a single observation in time is available, or can we impute only those missings between two observed values? However, there are same questions, for which one cannot be absolutely sure that the imposed logic is true for all respondents. There might be exceptions one cannot control for with other variables. In such cases the alternative would be to use a stochastic imputation procedure such as a hierarchical hot-deck method. However, this stochastic imputation procedure, which is only based on the information available in each cross-section so far, increases the variance between the years and can thus bias estimation results based on panel estimation techniques. Thus, there is a trade-off between imputing this question logically and reducing the variance over the years or using a stochastic imputation procedure and increasing the variances sometimes drastically over the years. This is a "question to question" and "cases to case" consideration and involves a careful examination of the underlying data.
-In a second step, this logic has to be proved. In other words, we have to check if, among those who answered the question in all the years, the logic that we assumed is indeed obeyed. Back to the first example: we hypothesize that individuals who once report to have been smokers in the past, should then consistently report the same also in the future. Looking at the data we then should ask: is that really the case? As a matter of questionnaires, you will always find inconsistent answers (i.e. individual who report to have been smokers in the past and that a year later report to have never smoked). However, this number has to be "reasonably" small.
-The third step involves the implementation of the logical imputation. In the best case, one can uniquely identify the missing value with the information offered by the other years. To reduce the degree of arbitrariness to a minimum, the missing value is not logically imputed, if the answers of a certain household are inconsistent over the years.
The reason is that one cannot decide which of the answers is the "true" one.
1
OVERVIEW OVER IMPLEMENTATION AND RESULTS
Since the logical imputation of each variable cannot be discussed in full length , table 5 summarizes the implementation in note form. The comments for each variable should give only a brief idea about the chosen procedure. The variable name corresponds to the variable name who is delivered with the datasets. Only the appendix "_imp" is missing since the variables refer to the still not imputed data. There are some exceptions mentioned in this table.
These exceptions identify a possible violation of the assumed logic. Nevertheless, the logical imputation is done in these cases since the probability that these exception apply are found to be negligible small. 2 Moreover, there are cases in which the logic would have allowed logically imputing more values. However, if there are too many cases in which the observed data are in contrast to the imposed logic, the variables, for which these inconsistencies are observed in a serious way, are not logically imputed. The comments of table 5 do not discuss explicitly these cases. Table 6 displays the results.
The five multiple imputed SAVE datasets are always delivered with an indicator datasets.
Before the logical panel imputation was done, each variable in the indicator dataset flagged with "1" implied a missing value and a variable flagged with "0" an observed value. After the logical panel imputation was done, the flag-dataset was updated: "0" indicates an observed value, "1" implies a stochastically imputed missing value and "2" a logically imputed value using the panel structure. This procedure allows the researcher identifying the missing values and the imputation procedure used. Considering only consistent answers, missing value = previous year = subsequent year* is imputed.
Missing value = previous year = subsequent year.* Taking the information of the question "children yes or no" into account, the missing value of a previous year is equal to the number of children in the following year if both household head and his/ her partner are older than 50 years and there is no change in the maritual status (exception: adoption, child(ren) of the man 51 years or above born outside the partnership). In those few cases where the missing value is in one of the subsequent years, the missing values are imputed using the same schema (exception: death of child).
After considering the information of variable f23s1(f23s2), the missing value = previous year = subsequent year* for all cases excluding respondents (partners) who are currently not in paid employment. If the respondent (partner) is a civil servant the year before, then he or she is a civil servant in the subsequent years (exception: civil servants who change their employment status).
If wage earner or salaried employee, missing value = previous year = subsequent year.* Missing value = previous year = subsequent year.* If the respondent (partner) was never unemployed in later years, he or she was never unemployed the years before. If the respondent (partner) was more than two years unemployed in previous years, he or she was more than two years unemployed in the subsequent years.
Missing value = previous year = subsequent year.* If the age of the respondent (partner) is above 65 years and if the respondent (partner) is retired in all the following years, then the respondent (partner) should be retired in the previous year. If a respondent (partner) is retired in a previous year, he or she is retired in the subsequent years.
Missing value = previous year = subsequent year.* If respondent (partner) is older than 35 years and there are at least two consistent answers about the highest qualification of a completed course of professional training, the missing values is filled with the qualification status of the following year. If there is no completed course of professional training in a subsequent year, there should be also no one the previous years.
Missing value = previous year = subsequent year.* The missing in previous year is only logically imputed if the respondent (partner) has an elementary school leaving examination in the subsequent year.
There is no logical imputaion possible, since it cannot be distinguished between chronic lung disease and asthma in subsequent years.
Missing value = previous year = subsequent year.* If the respondent does not have this long-term health problem, illness or disability in a subsequent year, he or she does not have this long-term health problem, illness or disability in the previous years. The importance to do this procedure for overall consistent answers should be emphasised since many inconsistency are found related to this question.
If the respondent does not have any long-term health problem, illness or disability, the missing value is one. If the respondent has at least one longterm health problem, illness or disability, the missing value is set to zero.
If a respondent has the German nationality in a previous year, it is assumed that the respondent keeps the German nationality in the following years. In contrast foreigners can change their nationality to the German nationality.
Missing value = previous year = subsequent year.* If only one year of birth is given over the complete panel period, the other years are set equal to the observed year only if no change in marital status occured (exception: a change of partners is possible maintaining the marital status). Missing value = previous year = subsequent year.* If there are no children in the subsequent year and no change of the partner, there should be no children in previous years. If there are children in the previous year and no change of the partner, there should be children in subsequent years (exception: death of child).
Missing value = previous year = subsequent year.* If there are no grandchildren in the following year, then there are no grandchildren in the previous year (exception: change of partner). If there are grandchildren in previous years, then there are grandchildren in the subsequent years (exception: death of grandchild).
* The missing value is equal to the observed value of the previous year, if and only if the observed value of the previous year is equal to an observed value of a subsequent year. pension from the state pension insurance scheme f64m1_b additional provision from civil service scheme f64m1_c company pension f64m1_d civil service pension f64m1_e agricultural pension scheme f64m1_f occupational pension schemes for self-employed people f64m1_g pension deriving from a life insurance policy f64m1_h pension from private pension policies f64m1_i other pensions f64m1_j none of these -no independent income f64m2_a pension from the state pension insurance scheme -partner … f64m2_j none of these -no independent income -partner f72s_10 owner Rister-or Rürup-Pension Logical imputation in every direction possible considering consistent answer in all years the respondent answered this question.
Missing value = previous year = subsequent year (exception: five year horizon).* If the category "not applicable, I have never asked for credit" is chosen in a subsequent year, this status must also apply for the previous years.
Missing value = previous year = subsequent year.* If the respondent gets this pension in a previous year, he or she gets this pension also in the subsequent years. If the respondent does not get this pension in a subsequent year, he or she does not get this pension in the previous years. This logical imputation was only done for consistent answers over the years (exception: orphan's pension).
Missing value = previous year = subsequent year.* If the respondent was a regular smoker once in a previous year, he or she was a regular smoker once in the subsequent years taking the actual smoking behavior into account. If the respondent was no regular smoker in a subsequent year, then he or she was no regular smoker in the previous years.
The same procedure as for the respondent is applied to the partner.
Variable frr1s (question 100 in the 2008 questionnaire) is used to logically impute this question. However, guestion 100 refers only to the RiesterPension. Therefore, the imputation is additional conditioned on current profession. The logical imputation does not take place for self-employed or freelancer (exception: not only self-employed or freelancers could posses a Rürup-Pension).
If all types of retirement income are not paid, the missing value is one. If at least one type of retirement income is paid, the missing value is set to zero.
Missing value = previous year = subsequent year.* If the respondent does not get this pension in a subsequent year, he or she does not get this pension in the previous years. This is only done for overall consistent answers.
If all types of current income sources are not paid, the missing value is one. If at least one type of retirement income is paid, the missing value is set to zero.
Missing value = previous year = subsequent year.* * The missing value is equal to the observed value of the previous year, if and only if the observed value of the previous year is equal to an observed value of a subsequent year. 
